Purpose: To identify an immunohistochemical pattern of epithelial markers in granular, lattice and Avellino corneal dystrophies. Methods: Twenty-two corneal buttons, diagnosed as lattice (17), Avellino (4) and granular (1) underwent immunohistochemical studies of cytokeratins (CKs) on paraffin-embedded sections (group I). Monoclonal antibodies for pan-CK (AE1/AE3) and CKs 3/12, 5/6, 8, 18 and 19 were used. Twenty-two normal corneas were used as the control (group II). Results: Six lattice and 2 Avellino cases of group I stained positively with anti-CK 3/12 in corneal epithelium and areas of corneal stroma deposits. One of these cases of lattice was positive for anti-pan-CK (AE1/AE3) also in the epithelium and areas of corneal stroma deposits with a similar pattern. None of the controls (group II) revealed any staining in corneal stroma. All disease and control cases (groups I and II) revealed positive staining in corneal epithelium. Conclusion: AE1/AE3 and CK 3/12 anti-CK positive markers in the stromal deposits of lattice and Avellino dystrophies may suggest an epithelial genesis of the disease.
INTRODUCTION
The classification of primary corneal dystrophies is currently based on clinical and pathological features. The main groups have been divided, according to the location of dystrophic deposits, in epithelial and subepithelial, affecting primarily the Bowman layer, stromal, and endothelial dystrophies (1) (2) . Granular, lattice and Avellino corneal dystrophies are considered stromal diseases leading an initial assumption that the stromal keratocytes were the source of these dystrophies (1, 3) . However, some investigators have suggested an epithelial rather than a stromal origin of these deposits, as their presence in the early stages and recurrences of the disease has been established in the upper microlayers of the cornea as well as the intraepithelial layers (3) (4) (5) . It has also been demonstrated that epithelial granules are similar to stromal granules in their histological staining and ultra structural features, as observed by light and electron microscopy respectively (5) (6) . The transforming growth factor beta induced gene (TGFBI) on chromosome 5, responsible for the quality and quantity of keratoepithelin, has been related to several corneal dystrophies. The immunoreactivity of the keratoepithelin protein has been demonstrated in the dystrophic deposits of corneas with granular, Avellino, Reis-Buckler, lattice and Thiel-Behnke dystrophies, all related to the TGFBI gene suggesting that keratoepithelin is a major component of these deposits (1, 7) . It has also been shown that the deposits contain keratoepithelin, together with nonkeratoepithelin proteins. The inference is that mutated keratoepithelins, diffusing predominantly from the epithelium, coaggregate with an assortment of other proteins over a long period of time to form the deposits characteristic of the disorder (8) . Several substances reported to date include vimentin, immunoglobulin κ and λ light chains, microfibrillar protein lectinpositive carbohydrate, amyloid P protein, phospholipids, and epithelial proteins, such as the cytokeratins (3, (7) (8) (9) (Figure 1 ). Cytokeratins (CKs) are water-soluble proteins found in most celltypes having characteristics of epithelial cells (10) . Among the cytokeratins, CK 3 and 12 are cornea-specific (11) . The presence of immunohistochemical markers of corneal epithelium CK in deposits of stromal dystrophies may supply an important corroboration for the hypothesis that these diseases are of epithelial origin (3) . 
RESULTS

CORNEAS WITH STROMAL DYSTROPHIES
The findings observed in the stromal dystrophic corneas are summarized in table 2. The results were analyzed separately for different areas: epithelium, stroma, endothelium, and deposits.
In all cases (n=22), the corneal epithelium with dystrophies showed a positive immunostaining with anti-pan-CK (AE1/AE3) and CK 3/12. Anti-CK 18 revealed a positive reaction in almost all cases (21/22). Anti-CK 5/6 was positive in only one case and anti-CK 8 in another case. Anti-CK19 was negative in all cases (n=22).
The corneal stroma of 3 cases immunoassayed positively for anti- 
METHODS
Twenty-two corneal buttons were diagnosed as stromal dystrophies using H&E, periodic acid-Schiff, Masson's trichrome, Congo red, Alcian blue and colloidal iron stains.
Immunohistochemical studies were performed on all specimens with antibodies reactive in paraffin-embedded tissue, as modified from a previously published method (12) . Peroxidase/antiperoxidase and avitin-biotin complex techniques using microwave heating were performed with monoclonal mouse antibodies for various CKs such as pan-CK (AE1/AE3), CKs 3/12, 5/6, 8, 18 and 19 (13) . Twenty-two, paraffin-embedded eyes enucleated due to an intraocular malignant tumor that presented normal corneas were submitted to the same process and used as controls. All primary antibodies were used in optimal dilutions, as determined by titration on positive controls, as shown in table 1. 
CK= cytokeratin; Epi= epithelium; Str= stroma; End= endothelium; Dep= deposits was positive for anti-pan-CK (AE1/AE3) also in the epithelium and areas of stroma deposits with a similar pattern (Figures 3 A, B, C) .
NORMAL CORNEAS
The findings observed in normal corneas are summarized in table 3.
Anti-pan CK (AE1/AE3) and anti-CK 3/12 were found to be positive in the corneal epithelium of all normal cornea specimens (n=22). Anti-CK 18 showed a positive staining in the majority of the cases (17/22). Anti-CK 5/6 (3/22) and anti-CK 8 (2/22) were positive in only few cases with both immune markers. Anti-CK 19 was negative in the studied cases.
The corneal stroma only showed a positive reaction for anti-CK 3/12 in few cases (3/22) . None of the other immune markers revealed any staining in corneal stroma.
The endothelium stained positively for anti-CK 3/12 in all cases (n=22), anti-CK 8 (8/22), anti-CK 18 (1/22) and anti-CK 19 (2/22). The endothelium revealed a negative reaction for anti-pan CK and anti-CK 5/6 in all cases.
DISCUSSION
Recent advances in the understanding of the molecular genetics and pathophysiology behind certain corneal dystrophies and the origin of the deposits has been a subject of controversial debate (1) . Earlier investigations have felt that stromal keratocytes were the source of these deposits (4) . However, several lines of evidence now implicate an epithelial genesis. For example, the early stages of granular dystrophy can show fine epithelial and subepithelial deposits. As well, a superficial variant of granular dystrophy has been described; with onset in childhood, subepithelial and superficial stromal deposits and a more severe clinical course (5) (6) . In addition, it has been demonstrated that while graft recurrences following penetrating keratoplasty (PK) for granular and lattice dystrophies are common and occur initially in the subepithelial region, it is only later that the stroma becomes affected (9, 14) .
The study herein has shown that the corneal deposits of lattice and Avellino dystrophies possess an immunohistochemical pattern most similar to that of the corneal epithelium, less similar to the corneal endothelium and least similar to the stroma. This assumption is due to the fact that the same proteins were found in the epithelium of all cases and in the deposits of some cases, while in the stroma they were found only in few cases, staining weakly. These findings lead us to believe that the positive anti-CK 3/12 and anti-pan CK reaction in the deposits are a strong argument against a stromal origin of these deposits. The results also speak in favour of the epithelial pathogenesis-hypothesis. A similar study with granular dystrophies has demonstrated a CK 18 expression in the corneal stroma (3) . Based on our findings, one cannot exclude the endothelial origin on these deposits although this outcome has never been reported either clinically or histologically (3) (4) 6, (15) (16) (17) . On the other hand, the previously-suggested stromal hypothesis was based on the clinical and microscopic findings in advanced stages of the disease, when most of the deposits are found in the stroma. Another fact that supported this idea was the presence of granular material in membrane-bound vesicles of the keratocytes (17) (18) . The stromal theory is not necessarily incompatible with the epithelial origin of the deposits, since the deposits might have been taken up secondarily by the cells or might not be really identical to the granular deposits. However, it is also theoretically possible that both the epithelial and the stromal cells form the deposits. Perhaps the composition of these corneal deposits is complex and consists of a mixture of metabolic products from different cells, although our immunohistochemical results do not support this concept.
Another possibility is the simple mechanic adhesion effect of the antibodies in the deposits. This suggestion is improbable however, since the reactions were not homogeneously positive in all cases and were completely negative for several antibodies other than anti-CK 3/12 and anti-pan CK.
In conclusion, the fact that AE1/AE3 and CK 3/12 anti-CK markers were positive in the stromal deposits of lattice and Avellino dystrophies may suggest an epithelial origin of those corneal deposits. 
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This piece of evidence may have clinical consequences and strong therapeutic implications on these diseases. Although refinements in the techniques used for transplantation and prospective, controlled studies are still necessary, limbal stem cell transplantation from a healthy donor and/or gene therapy represent possible and promising therapies for these diseases in the future. --+  -+  ---+  --+  -----02  +  --+  -+  ------+  ----+  03  +  --+  -+  -----+  +  -----04  +  --+  -+  ------+  -----05  +  --+  -+  ---+  -+  +  -----06  +  --+  +  +  +  -----+  -----07  +  --+  -+  ------+  -----08 +
CK= cytokeratin; Epi= epithelium; Str= stroma; End= endothelium
